INTRODUCTION
dissociation melt curve analysis was performed to verify the specificity of the PCR products. . mRNA levels were normalized to the 154 SED group of rats, which was always set at 1.
155

Histology assessments
156
Formalin-fixed AT samples were processed through paraffin embedment, sectioned at 157 five microns, stained with hematoxylin and eosin (H&E) for morphometric determinations and 158 anti-UCP-1 antibody produced in rabbit (1:1200 dilution, U6382, Sigma) as previously described
159
(1, 25, 41, 42). Sections were examined using an Olympus BX60 photomicroscope (Olympus, 160 Melville, NY) and photographed at 40x magnification using with a Spot Insight digital camera 161 (Diagnostic Instruments, Inc., Sterling Heights, MI). All procedures were performed by an 162 investigator who was blinded to the experimental conditions.
163
Functional assessment of isolated aortic rings
164
A segment of the thoracic aorta, trimmed of fat and connective tissue, was sectioned into 165 2 mm rings in cold Krebs. Rings were then mounted on wire feet connected to isometric force 
Statistical analysis
178
To determine the differences among SED, WR, and DR groups on all dependent 179 variables a one-way ANOVA with multiple comparisons was performed followed by Fishers 180 protected least significant difference as post-hoc test. Dose-response curves from vasomotor 181 function experiments were analyzed using a two-way (group x dose) ANOVAs. All data are 182 presented as mean ± standard error (SE). For all statistical tests, the alpha level was set at 0.05.
183
All statistical analyses were performed with SPSS V21.0.
184
RESULTS
185
As shown in Figure 1 , rats with access to running wheels increased daily running distance 186 from week 12 to week 15 (~8 km/day), after which running distance gradually declined to ~6 187 km/day at 20 weeks. These are similar voluntary running distances as we have previously 188 reported in this animal model (32, 50) . WR and DR rats weighed less and had improved body 189 composition profiles (e.g., lower total percent body fat and less visceral adipose tissue mass) 190 compared to SED rats (all p<0.05). As summarized in Table 2 , compared to the SED group, WR 191 and DR plasma had lower fasting total cholesterol, LDL cholesterol, HDL cholesterol, 192 triglycerides, NEFAs, glucose, and leptin (all p<0.05). In addition, WR had improved HOMA- Figure 2A illustrates representative histological photographs of retroperitoneal AT, 195 subcutaneous AT, interscapular brown AT, and periaortic AT. As shown, WR and DR had less 196 lipid deposition in brown and periaortic AT as well as decreased adipocyte size in white AT.
197
Consistent with our previous report (42), a clear structural similarity between thoracic 198 perivascular AT and interscapular brown AT was noted. As depicted in Figure 2B , 199 immunoreactivity of UCP-1 appears to be similar between brown AT and periaortic AT, thus 200 again highlighting the phenotypic similarity between these two fat depots. (Figure 4 ; all p<0.05).
222
As illustrated in Figure 8 , WR and DR rats exhibited reduced periaortic AT-derived 223 secretion of leptin, IL-6 (all p<0.05), and MCP-1 (p=0.09 and p=0.11, respectively) relative to 224 SED. Periaortic-derived secretion of TNF-α was similar among groups (p>0.05).
225
Insulin-stimulated aortic relaxation was significantly greater in WR rats relative to SED 226 and DR rats ( Figure 9 ). Treatment of aortic rings with tezosentan, a non-selective ET-1 receptor 227 blocker, largely removed differences in insulin-stimulated relaxation between WR and SED rats.
228
That is, tezosentan increased insulin-stimulated relaxation in the SED (p=0.057) but had no 229 effect in WR or DR (p>0.05). A small but significant (p<0.05) decrease in ACh-mediated 230 relaxation was observed in DR (61.6±1.9%) rats compared to SED (69.5±3.1%) and WR
231
(71.9±4.5%) rats at the highest dose of ACh. In addition, we observed no differences in ET-1-232 mediated contraction or SNP-mediated relaxation among groups (p>0.05).
233
DISCUSSION
234
The primary findings of the present study are as follows: (i) Existing evidence in animals and humans indicates that exercise results in reduced 247 expression of inflammatory genes and markers of immune cell infiltration in white AT (9, 18, 28, 248 30, 60, 61). We found that voluntary WR-induced decreases in adiposity produced, by and large, 249 similar down-regulation of inflammatory genes in white AT (retroperitoneal) to that produced by 250 decreases in adiposity with 30% DR regimen. Thus, our data support the notion that changes in 251 adiposity appear to be the main driving force for the decreased inflammation in white AT.
252
Further research evaluating the effects of physical activity in the absence of changes in adiposity 253 is needed to elucidate any exercise-specific effects on AT. A unique aspect of the present study 254 was the examination of the effects of WR and DR in several AT depots beyond visceral fat, i.e., 255 subcutaneous, brown, and perivascular AT depots. Overall, our data indicate that the greatest 256 effects of WR and DR on AT gene expression were in visceral AT. While visceral AT is highly 257 susceptible to obesity-mediated inflammation/infiltration of immune cells (18, 28, 30, 60, 61), 258 these data suggest that the phenotype of visceral AT is also highly amenable to reductions in 
278
Given the increasing evidence implicating AT surrounding large arteries as a local source 279 of inflammatory cytokines that may be involved in the instigation of vascular dysfunction and 280 atherosclerosis (12, 13, 19, 20, 33, 35, 36, 45, 46, 56) , a central focus of the present study was to we hypothesized that these effects would be accompanied by an athero-protective phenotype in 296 the adjacent aortic wall. Indeed, we found that both WR and DR resulted in down-regulation of 297 inflammatory genes (e.g., IL-6, E-selectin, VCAM-1), markers of immune cell infiltration (e.g.,
298
CD4, CD8, F4/80), and makers of endoplasmic reticulum stress (e.g., GRP78 and CHOP) in the 299 aorta. These findings are consistent with the hypothesis that at the transcriptional level, the 300 effects of physical activity on vascular cell phenotype may be driven by changes in adiposity and 301 the consequent alterations in cytokine secretion from AT.
302
In contrast to the results where WR and DR had similar effects on AT and vascular gene 303 expression, our results from the aortic vasomotor function experiments indicate that physical 304 activity improved insulin-induced vasorelaxation while DR had no effect. This finding is 305 consistent with previous data from our group showing that insulin-stimulated dilation in skeletal 306 muscle arterioles was enhanced in WR, but not DR, OLETF rats (37). Herein we also report that 307 differences in insulin-stimulated vasorelaxation between WR and SED rats were largely 308 abolished after treatment of aortic rings with a nonselective ET-1 receptor blocker. ET-1 blockade had little to no effect on insulin-induced relaxation in the aorta from WR animals but 310 produced nearly a 2-fold increase in insulin-induced relaxation in SED. This finding suggests 311 that increases in vasorelaxation to insulin with physical activity were mediated in part by a 312 decrease in ET-1 signaling. Furthermore, to evaluate whether greater insulin-stimulated 313 relaxation in the aorta of WR rats was due to reduced vascular sensitivity to ET-1 and/or 314 decreased vascular production of ET-1, we examined aortic responsiveness to exogenous ET-1 in 315 all three groups of animals. We found similar ET-1 mediated constriction among groups 316 suggesting that it was local insulin-stimulated ET-1 activation, and not the vascular sensitivity to 317 ET-1 per se that is likely modulated by physical activity. It should be noted that in the present 318 study we used tezosentan, a nonselective ET-1 receptor blocker. Future studies should dissect the 319 contribution of ETA versus ETB receptors using specific blockers. shear stress to the artery wall is a likely mechanism by which physical activity exerts an insulin 325 sensitizing effect on the aorta and a decrease in 44) . This hypothesis is supported by 326 evidence that (i) shear stress reduces expression of ET-1 in cultured endothelial cells (59), (ii) 327 removal of WR for 7 days increases expression of ET-1 in the rat iliac artery (41), (iii) rat soleus 328 muscle feed arteries, known to be chronically exposed to high levels of blood flow, display 329 greater insulin-stimulated dilation, as a result of reduced ET-1 activation, than gastrocnemius 330 feed arteries, known to be chronically exposed to lower levels of flow (26), and (iv) inactive lower limbs of spinal cord injury patients, chronically exposed to low blood flow and shear stress 332 (3), exhibit an enhanced ET-1 mediated basal vascular tone (58).
333
Another interesting finding of the present study is that the WR-related increase in 334 insulin-stimulated relaxation in the aorta occurred in the absence of changes in ACh-mediated 335 relaxation, a response largely mediated by nitric oxide in rat aorta. Incidentally, compelling 336 evidence from studies using the Zucker obese rat model indicates that impairments in insulin- improve endothelium-dependent dilation in subjects with a healthy endothelium, likely due to a 343 ceiling effect (23, 43). We did observe, unexpectedly, that DR resulted in a small but significant 344 decrease in ACh-mediated dilation relative to the SED group fed ad libitum; this effect was not 345 observed in WR animals.
346
Perspectives and Significance
347
We provide evidence that reduced adiposity, owing to either increased physical activity 
